Abstract.-Screening of local microalgae species with potential for oil production is essential to achieve successful commercial large-scale cultures. In this study, identification of a South American species of Nannochloropsis was carried out using molecular and phylogenetic analyses of chloroplastic and nuclear genes, rcbL and 18S rDNA, respectively. The gene sequences for the studied strain were highly similar to other strains of Nannochloropsis oceanica (100% for 18S rDNA and 99.7% for rbcL) isolated from the Red Sea or Mediterranean Sea (Israel) and from the Pacific Ocean (Japan).
INTRODUCTION
The decrease in fossil fuel reserves, as well as a sharp increase in oil prices, has intensified the search for alternative renewable energy sources. This concern has promoted a special interest in developing third-generation biofuels, which are produced from renewable feedstock, such as algal biomass, and in particular biodiesel from microalgal lipids (Pruvost 2011) . For sustainable production of algal-derived biodiesel, exploitation of local microalgae is advantageous. However, the appropriate selection of fast-growing, lipid-producing microalgae strains that are adapted to local climatic conditions constitutes one of the major challenges faced by researchers worldwide. The first step in these studies includes species selection, which is essential for a reliable analysis. In turn, this requires recognizing the diagnostic characteristics of different microalgal groups to achieve a correct identification (Leonardi et al. 2011) . Traditionally, light microscopy and transmission electron microscopy were standard procedures for identification and characterization of microalgae species. Nevertheless, these methods were not sufficient for accurate species identification in several algal lineages (Karlson et al. 1996) .
The genus Nannochloropsis comprises 6 species: N. oculata (Droop) Hibberd (Hibberd 1981) , N. salina Hibberd (Hibberd 1981) , N. gaditana Lubian (Lubian 1982) , N. granulata Karlson & Potter (Karlson et al. 1996) , N. limnetica (Krienitz et al. 2000) and N. oceanica (Suda et al. 2002) . Taxonomic identification of Nannochloropsis species is challenging due to the small cell size and simple structure (Maruyama et al. 1986 , Gladu et al. 1995 , the difficulties in fixing the cells for transmission electron microscopy (Hibberd 1981) and the lack of sexual reproduction. Even though meiosis-related genes were found in the genome of N. gaditana, no transcripts were detected (Radakovits et al. 2012) .
Some species of Nannochloropsis, such as Nannochloropsis sp. (Sukenik et al. 1989) , N. oculata (Renaud et al. 1991 , Li et al. 2009 ) and N. gaditana (Ferreira et al. 2009 ) are used in marine aquaculture as an important source of eicosapentaenoic acid. Moreover, different species of Nannochloropsis have recently been considered appealing feedstock for biodiesel production due to their ability to accumulate high amounts of lipids.
For example, Nannochloropsis sp. (Rodolfi et al. 2009 , Pal et al. 2011 , Bondioli et al. 2012 , N. gaditana (Simionato et al. 2011 (Simionato et al. , 2013 , N. oculata (Van Vooren et al. 2012) , N. salina (Sforza et al. 2012) and N. oceanica (Dong et al. 2013 , Pal et al. 2013 , Bongiovani et al. 2013 , Solovchenko et al. 2014 . Given the importance of Nannochloropsis as an oleaginous species for biodiesel production, a number of genomic and transcriptomic studies on several species of the genus have been recently published (Radakovits et al. 2012 , Vieler et al. 2012 , Wei et al. 2013 , Starkenburg et al. 2014 , Wang et al. 2014 , Carpinelli et al. 2013 , Hu et al. 2014 , Li et al. 2014 .
Because the ability to produce large quantities of lipids is species-specific (Hu et al. 2008) , a correct specific identification is critical. Thus, the phylogenetic species concept becomes particularly useful (Andersen et al. 1998) . Species of Nannochloropsis have been delimited by DNA sequence analysis (Fawley & Fawley 2007 ) based on nuclear (18S rDNA) and chloroplastic (rbcL) markers and sets of orthogonal genes (Krienitz et al. 1996 , Andersen et al. 1998 , Suda et al. 2002 , Vieler et al. 2012 , Cao et al. 2013 , Wang et al. 2014 .
In this study, we identified a new strain of Nannochloropsis oceanica CCALA 978 based on molecular taxonomy and studied its evolutionary relationships based on phylogenetic analyses with nuclear and chloroplastic genes. Recent studies have demonstrated the potential suitability of this strain isolated from the southwestern Atlantic coast for biodiesel production (Bongiovani et al. 2013; Bongoviani et al. 2013 1 ).
MATERIALS AND METHODS

STRAIN AND CULTURE CONDITIONS
Nannochloropsis oceanica (CCALA 978, Culture Collection of Autotrophic Organism, Institute of Botany, Academy of Sciences of the Czech Republic) was isolated from the southwestern Atlantic coast (65°01'W, 43°18'S, Argentina) and kindly provided by CRIAR, Instituto de Biología Marina y Pesquera Almirante Storni, San Antonio Oeste, Río Negro province, Argentina. This species was cultured in f/2 marine medium (Guillard 1973). Cultures were maintained in flasks under the following environmental conditions: 16°C, 60 E m -2 s -1 and 12:12 light:dark period. Cultures were continuously bubbled with air; 1-2% CO 2 was mixed in the air stream and this mixture was applied during 3-4 h per day.
MOLECULAR ANALYSIS
DNA EXTRACTION AND SEQUENCING
Approximately 1L of culture was harvested by centrifugation, flash-frozen in liquid nitrogen and stored at -80°C. Genomic DNA was extracted using Illustra Nucleon Phytopure Genomic DNA extraction kit (GE Healthecare, Buckinghamshire, UK) and kept at -20°C until analysis.
The nuclear-encoded 18S small subunit (SSU) rDNA and the chloroplast-encoded rbcL genes were amplified using the following published primers: for rbcL, rbcLF: (Medlin et al. 1988) . Amplification products were sequenced by Sanger sequencing with Applied Biosystems 3730XL (Life Technologies) and sequences were deposited in GenBank (accession numbers KF010153 and KF010154 for rbcL and 18S rDNA, respectively). Sequences were aligned using MEGA 5.1 (Tamura et al. 2011) . GenBank accession numbers and taxonomic data of Nannochloropsis species included in the rbcL and 18S rDNA alignments are listed in Table 1 .
PHYLOGENETIC ANALYSES
Phylogenetic analyses were performed separately for each data set. Maximum Parsimony (MP) analyses were done with PAUP*4b10 (Swofford et al. 2002) . For MP analyses, characters were unweighted and a heuristic search was used with the tree bisection and reconnection (TBR) branch-swapping method, and addition was random with 10 repetitions. JModeltest (Posada & Crandall 1998) was used to select the best model of DNA substitution for the Maximum Likelihood (ML) analyses according to the Akaike information criterion (AIC). For both genes, the GTR+I+G4 model was selected. The Maximum Likelihood analyses were done with Garli 0.951 (Zwickl 2006) under the General Time Reversible model with parameters for invariable sites and gamma-distributed rate heterogeneity. As outgroups, Pseudotraedriella (EF044311) and Eustigmatus magnus (AB280615), and Vischeria helvetica (HQ710612) were used for 18S rDNA and rbcL analyses, respectively. A hundred bootstrap replicates were done for the ML and MP analyses. 
RESULTS AND DISCUSSION
Cells were spherical, with diameters of 2-3 m and 3-5 m under exponential and stationary growth phases, respectively. Light microscopic observations showed a smooth cell wall, a parietal chloroplast and an eyespot that was always present (Fig. 1) . Cell dimensions of the isolate under study agree with the dimensions indicated for other strains of N. oceanica (Suda et al. 2002 , Cao et al. 2013 . However, the eyespot, which was constantly present in the algal strain under study and also in some cells of N. oceanica var. sinensis (Cao et al. 2013) , was rarely observed by Suda et al. (2002) . Our previous ultrastructural study showed that the cells of N. oceanica CCALA978 had a nucleus, a single parietal chloroplast and a thick cell wall (Bongiovani et al. 2013a) . In this strain, the cell wall papilla and the pyrenoid-like structure described in N. oceanica and other species of Nannochloropsis by Suda et al. (2002) and Cao et al. (2013) were not observed. These authors did not find morphological traits to distinguish among N. granulata, N. salina, N. gaditana and N. oceanica by means of light microscopy or transmission electron microscopy.
Sequences for 18S rDNA and rbcL genes were used to identify several microalgal species and in particular to differentiate species of Nannochloropsis (Karlson et al. 1996 , Krienitz et al. 2000 . Here, the molecular studies based on 2 genes allowed us to identify the isolated strain CCALA978 as N. oceanica. The gene sequences for the strain were highly similar (100% for 18S rDNA and 99.7% for rbcL) to other strains of N. oceanica isolated from different marine habitats (Table 1 ). The intraspecific variation for the gene rbcL within the species N. oceanica (100% for 18S rDNA and 99.7-100% for rbcL) was comparable to that of other species of the genus (99.8-99.9% identity within N. limnetica and 98.6-100% within N. gaditana). The phylogenetic analyses based on the rbcL (Fig. 2 ) and 18S rDNA (Fig. 3) Andersen et al. (1998) , Krienitz et al. (1996) and Vieler et al. (2012) based on 18S rDNA; by Suda et al. (2002) and Cao et al. (2013) based on 18S rDNA and rbcL; and by Wang et al. (2014) based on 1085 single-copy nuclear orthologous gene sets. This topology is consistent with a morphological difference between the 2 main clades. Species within the group of N. gaditana+N. salina are cylindrical in shape, while cells in species of the other clade are spherical to oval (Hibberd 1981 , Lubian 1982 , Karlson et al. 1996 .
Microalgae exhibit environmental-tolerance ranges that are species-specific. Thus, a correct identification at species level ensures appropriate conditions to achieve a profitable and successful culture at large scale. In this study, an appropriate identification of a South American oleaginous microalgal strain of Nannochloropsis oceanica (CCALA 978) contributes to standardize processes towards biodiesel production. 
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